Plasma catecholamines were obtained and systolic time intervals recorded in five normal subjects and five patients with coronary disease in the supine position at 8 AM, 12 PM, 4 PM, 8 PM, 10 PM, 12 AM, 2 AM, 4 AM, and 8 AM. Systolic time intervals were later obtained in ten additional patients with coronary disease every 30 minutes from 12 AM through 4 AM and from 8 AM through 12 PM. A significant diurnal variation in plasma norepinephrine was found in two of ten subjects and a significant diurnal variation in plasma epinephrine in a third subject No correlation was found between plasma catecholamine levels and systolic time intervals. The external isovolumic contraction time (EICT) was significantly prolonged in 9 of 15 patients (60 percent) with coronary disease during 12 AM through 4 AM. These findings suggest a decrease in left ventricular contractility occurring in many patients with coronary disease during 12 AM through 4 AM. ystolic time intervals obtained by noninvasive techniques have been useful in the assessment of cardiac function.'-l2 Harris and his associates13 found that isoproterenol, epinephrine, and moderate doses of norepinephrine shortened the preejection period (PEP), especially shortening its isovolumic contraction component. Beta adrenergic receptor blockade abolished the shortened PEP and external isovolumic contraction time (EICT) induced by these three catecholan~ines.~~ We have wondered whether there might be a diurnal variation of plasma catecholamines in normal subjects or in patients with coronary artery disease and whether such a variation might be responsible for a diurnal variation of the systolic time intervals. This study investigates the above questions. ' Five apparently normal men, mean age 53, and five ambulatory patients with documented coronary artery disease, mean age 53, were the subjects. The five apparently normal men were employees of the Long Beach Veterans Administration Hospital. These men had no history of any cardiovascular symptoms, had a normal physical examination prior to these studies, were on a normal diet, and were not taking any medication. Three of these five men had a normal maximal treadmill stress test and a normal resting and postexercise apexcardiogram. The other two asymptomatic subjects selected were men who had an abnormal maximal treadmill stress test and an abnormal resting and postexercise apexcardiogram . I4 Four of the five patients with coronary artery disease had angina pectoris. Two of these four patients had an old healed transmural myocardial infarction. The other two patients with angina pectoris had significant three-vessel disease documented by coronary angiograph~. The fifth patient with coronary artery disease had an old healed transmural myocardial infarction but was asymptomatic at the time of the study. These five patients were normotensive, were not on a salt restricted diet, were in sinus rhythm, did not have any bundle branch block on their electrocardiograms, were not taking any medication except for nitroglycerin during the week prior to this study, and did not take any medication during this study.
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Each of the ten subjects was familiarized with the procedure and lay on a bed in the phonocardiographic room on the day preceding the study for three hours. Each subject lay in that bed for 24 hours during the study. Light meals were eaten at 8:30 AM, 12:30 PM, and 4:30 PM. The subjects read or listened to soothing music while they were awake.
An indwelling catheter was inserted into an antecubital vein in each subject. After blood was drawn, simultaneous external phonocardiograms and external right carotid arterial pulse tracings were recorded in the ten subjects in the supine position. An eight-channel recorder (Sanborn Hewlett-Packard-350 series) was used. Phonocardiograms were obtained at the apex by means of a dynamic microphone (Sanborn 62-1500-C16) with the frequency response set between 50 and 400 Hz. External right carotid arterial pulse tracings were recorded with a pulse-wave crystal microphone (Hewlett-Packard 21051D). The tracings were recorded at a paper speed of 200 millimeters per second with time lines of 0.04 second.
After this part of the study was completed, ten additional ambulatory patients with documented coronary artery disease, mean age 52, were subjects. Two of these ten patients had an old healed transmural myocardial infarction. The other eight patients with angina pectoris had significant coronary artery disease documented by coronary angiography. These ten patients were normotensive, were in sinus rhythm, did not have any bundle branch block on their electrocardiograms, were not taking any medication except for nitroglycerin during the week prior to this study, and did not take any medication during this study.
Each of these ten subjects was familiarized with the procedure and lay on a bed in the phonocardiographic room on the day preceding the study for three hours. Each subject lay in that bed from 10 PM through 12 PM during this part of the study. A light breakfast was eaten at 6 AM. Simultaneous external phonocardiograms and external right carotid arterial pulse tracings were recorded in the ten subjects in the supine position as previously described at 8 AM, 8 The S1S2 interval was measured from the onset of the first high frequency vibration of the first heart sound to the onset of the first high frequency vibration of the aortic component of the second heart sound. The left ventricular ejection time (LVET) was measured from the beginning upstroke of the carotid arterial pulse tracing to the trough of its incisura. The left ventricular ejection time index (LVETI) was calculated by multiplying the ventricular rate by 1.7 and adding this product to the LVET.1 The EICT was computed by subtracting the LVET from the S1S2 interval. The LVET/EICT ratio was computed by dividing the LVET uncorrected for heart rate by the EICT. All intervals were calculated from the mean of measurements made on ten beats. The measurements were calculated without the investigator knowing from whom and at which time the recordings were obtained.
b Table 1 shows the mean plasma norepinephrine and plasma epinephrine levels 2 1 SD for each individual subject during the periods 8 A M through 4 PM and 8 PM through 4 AM. The t test for -independent means was used.
There was a significant diurnal variation in plasma norepinephrine concentration in only two of the ten subjects and a significant diurnal variation in plasma epinephrine concentration in a third subject. None of the subjects with a diurnal variation of plasma catecholamines had a diurnal variation in systolic time intervals. There was no correlation between the plasma catecholamine levels and the systolic time intervals. Table 2 shows the mean LVETI, the mean EICT, and the mean LVETIEICT for each individual subject during the periods 8 AM through 10 PM and 12 AM through 4 AM. These time periods were chosen because statistical analysis showed that the greatest difference in systolic time intervals occurred during these times.
None of the five normal subjects had a significant diurnal variation in LVETI, EICT, or LVETIEICT. None of the five patients with coronary artery disease had a significant diurnal variation in LVETI. One of the five patients with coronary artery disease had a significantly lower LVETIEICT ratio during 12 AM through 4 AM. TWO of five patients with coronary artery disease had a significantly prolonged EICT during 12 AM through 4 AM. Table 3 shows the mean LVETI, the mean EICT, and the mean LVETIEICT for each of the ten additional patients with coronary artery disease during the periods 8 AM through 12 PM and 12 AM through 4 AM.
Two of the ten additional patients with coronary artery disease had a significantly lower LVETI during 12 AM through 4 AM. Seven of the ten patients with coronary artery disease had a significantly prolonged EICT during 12 AM through 4 AM. Seven of the ten additional patients with coronary artery disease had a significantly lower LVET/ EICT ratio during 12 AM through 4 AM.
Weissler and his associates16 showed in normal subjects a tendency for duration of the LVET to be slightly decreased, unassociated with a change in the PEP or EICT, two, four, and eight hours after initial measurements were made between 8 and 9 AM. However, their study included only the daytime hours.
Wertheimer and his associates17 found a significant maximal excretion of urine catecholamines in five normal subjects from 6 AM through 9 PM with significant progressive shortening of the LVETI and PEP index in ten normal subjects from 6 AM through 9 PM compared with 9 PM through 6 AM. However, the mean level of urine catecholamines in their five normal subjects was markedly abnormal considering the expected normal level of urine catecholamines.ls One of us (V.D.) also found previously no diurnal variation in urine catecholamines in six normal volunteers in the supine position. We found a significant diurnal variation in plasma norepinephrine in only two of our ten subjects and a significant diurnal variation in plasma epinephrine in a third subject. We also found no correlation between the plasma epinephrine and norepinephrine levels and the systolic time intervals. Hamosh and his associate^'^ reported that in acute myocardial infarction circulating catecholamine levels did not correlate with the systolic time intervals.
The EICT correlates well with the internal isovolumic contraction time.20 The duration of isovol-* umic contraction of the left ventricle is a function of the rapidity of the myocardial contraction and of the level of the aortic diastolic pressure. The EICT is lengthened by hypertensionz4 and by left bundle branch block.27 Disturbed myocardial contractility decreases the rate of rise of isovolumic pressure in the left ventricle, prolonging the EICT, because the intraventricular pressure takes longer to reach the arterial diastolic We found no significant diurnal variation in the LVETI, EICT, or LVETIEICT ratio in any of our five normal subjects. There was a significant diurnal variation of the LVETI in only two of our 15 patients ( 13 percent ) with coronary artery disease. However, from 12 AM through 4 AM, the EICT was significantly prolonged in nine of our 15 patients (60 percent) with coronary artery disease, and the LVETIEICT ratio was significantly reduced in eight of our 15 patients (53 percent) with coronary artery disease. These findings suggest a decrease in left ventricular contractility occurring in many patients with coronary artery disease during 12 AM through 4 AM, the mechanism of which remains to reflected in plasma catecholamines. 
